INTRODUCTION
Preterm birth is a leading cause of neonatal mortality and morbidity, and numerous randomised trials have assessed interventions aimed at reducing preterm birth or its negative health consequences. Multiple births are an important subgroup to consider in such trials, since multiples account for around a quarter of all preterm births and half of all twins are born preterm. 1 Including multiple births in a trial can be challenging due to the correlation between outcomes of infants from the same birth that results from shared environmental and genetic factors. 2 3 Correlated or clustered data are common in health research and methods for analysing these types of data are widely discussed. [4] [5] [6] [7] [8] Since trials involving preterm infants often include a mixture of singletons and multiples, or independent and clustered data, the implications of clustering in this unique setting require special attention.
Analysis methods that either ignore or account for clustering due to multiple births have been examined over the last decade. 2 3 9-14 Failure to account for clustering in this setting can result in underestimated variances 9 and inflated type I error rates, 12 potentially leading to ineffective treatments being identified as effective. It is therefore recommended that clustering be taken into account in the analysis when infants from a multiple birth are included, 2 9 11-13 especially when the multiple birth rate is not low. 3 10 Despite these recommendations, clustering is rarely taken into account in trials involving preterm infants. A systematic review of multicentre randomised trials involving preterm infants revealed that only four (21%) of the 19 trials published between August 2003 and August 2008 that included multiples took the clustering into account in the analysis. 11 It is unclear whether the practice of ignoring clustering in the analysis has continued in recent years.
Clustering not only has implications for the analysis but also for the design and reporting of trials. Failure to account for clustering at the design stage could result in an underpowered trial that fails to identify a beneficial treatment, since clustering often reduces the effective sample size. 15 Whether clustering due to multiple births is taken into account in sample size calculations, and how this is achieved, remains to be investigated. At the reporting stage, details such as the prevalence of multiple births are important for assessing the appropriateness of the statistical methods and the generalisability of the trial findings. Inadequate reporting of neonatal and perinatal trials has previously been highlighted 11 16 but many aspects of reporting relevant to multiple births are yet to be considered. The aims of this systematic review are to determine What is already known on this topic ▸ Including multiple births in randomised trials results in clustering in the data. ▸ Clustering has implications for the design, analysis and reporting of trials.
What this study adds ▸ Clustering due to multiple births is often ignored in the trial design and analysis but should be taken into account. ▸ Information relevant to multiple births is poorly described and reporting guidelines are needed.
how multiple births have been taken into account in the design and analysis of recently published multicentre randomised trials involving preterm infants, and whether key information relevant to multiple births has been reported.
METHODS
This systematic review was conducted according to a prespecified protocol. Consistent with the systematic review by Hibbs et al, 11 the search focused on preterm infants, however defined in each individual trial, since multiple births are an important subgroup in this vulnerable population, and on multicentre randomised trials for feasibility. The search was conducted in PubMed on 24 June 2013 using the search terms "( preterm or premature) and (multicent* or multi-cent*)" and the filters "Randomized Controlled Trial; published in the last 5 years; Humans; English; Newborn: birth-1 month".
Articles were eligible for inclusion if they reported the results of the primary outcome of a multicentre randomised trial, where the primary outcome was either measured on the infant or could be attributed to the infant. Where multiple articles reported on the primary outcome for the same trial, only the first published article was included to avoid duplication of information included in the review. The primary outcome was defined as the outcome identified by the authors as primary. If multiple primary outcomes were identified by the authors, it was defined as the outcome used to determine the sample size, provided only one outcome was used to determine the sample size, otherwise it was the first outcome identified by the authors as primary that met the eligibility criteria. If no primary outcome was identified by the authors, it was defined as the first outcome used to determine the sample size that met the eligibility criteria. Articles were excluded if none of the potential primary outcomes met the eligibility criteria, they described the methods of a trial only or they reported the results of a pilot, phase I or phase II trial, a follow-up study of a trial, secondary outcomes or analyses of a trial or multiple trials, including meta-analyses. However, articles primarily reporting the results of a single eligible trial and then adding these results to an existing meta-analysis were included.
Titles and abstracts of all articles identified by the search were independently examined by two reviewers (including LNY) and classified as ineligible or eligible. The full texts of all eligible titles and abstracts were then independently examined by two reviewers (LNY and TRS) to confirm eligibility and extract information using a purpose-specific data extraction form. When assessing how multiple births were taken into account in the sample size and analysis, only the primary outcome was considered. Any differences between reviewers were resolved by discussion.
RESULTS
The search identified 164 articles, of which 56 (34.1%) met the inclusion criteria (see online supplementary appendix) and were included in the review (figure 1). For these 56 trials, the median (IQR) sample size was 11 (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) centres and 214 (150-538) infants. There were 26 (46.4%) trials that indicated multiples were included and 24 (42.9%) trials where it was unclear whether multiples were included, either because the inclusion/ exclusion criteria were not clearly stated (n=2 trials), or multiple births were eligible according to the inclusion/exclusion criteria but not otherwise mentioned (n=22 trials). Multiple births were excluded from the remaining six (10.7%) trials by either excluding women with a multiple pregnancy (n=5 trials) or excluding all infants from a multiple birth (n=1 trial). Only one trial justified the exclusion on the basis of the intervention previously being shown to be ineffective in women with multiple pregnancies.
Characteristics of the 26 trials reporting that multiples were included are given in table 1 and their interventions and primary outcomes are provided in the Web Appendix. The median (IQR) percentage of infants from a multiple birth was 29.9% (23.9-33.3; n=24 trials where information is clear). In eight trials where infants were randomised and the method of randomising multiples was described, infants from the same birth were either randomised to the same treatment group [17] [18] [19] [20] [21] [22] or independently. 23 24 Two trials defined the primary outcome on the cluster level by assessing any occurrence of the outcome across infants from the same birth, while the primary outcome was defined on the infant level for the 24 remaining trials.
Overall, 12 (46.2%) of the 26 trials, including infants from a multiple birth, took this into account in the design and/or analysis in some way (table 2). Accounting for clustering was unnecessary for the two trials with a cluster-level primary outcome. Clustering was otherwise neglected in the sample size calculations for all but one trial, 18 where the sample size was calculated assuming independence and then multiplied by a design effect of 1.12, with no justification provided for this choice of design effect. Clustering was addressed in the analysis of the primary outcome for eight (30.8%) trials in either the primary analysis 18 21 25 26 or a sensitivity analysis. 19 20 22 23 In the latter case, treatment effects were clearly significant or nonsignificant and accounting for clustering did not alter the conclusions. The most common analysis approach used to account for clustering was generalised estimating equations. 18 19 21 23 25 Other approaches included fitting a mixed-effects model, 26 performing an adjusted χ 2 test 19 and analysing one infant per birth as a sensitivity analysis. 20 22 Where clustering was ignored in the sample size calculations or analysis, no justification was provided. Other approaches used to account for multiple births that do not address clustering included stratifying on multiple birth in the randomisation; 19 27 adjusting for multiple birth in the analysis as a fixed effect in a sensitivity analysis; 24 28 testing for a treatment by multiple birth interaction 26 27 and performing subgroup analyses for singletons to assess the influence of including twins, 20 or both singletons and multiples to assess consistency of treatment effects. 27 29 For the 26 trials, including infants from a multiple birth, the percentage of missing data for the primary outcome ranged from 0% to 7.2% and was unclear in six (23.1%) trials. Only one trial performed multiple imputation to account for missing data and no information was provided on how multiple births were taken into account in the imputation process. 21 Key details relevant to multiple births were not reported in some trial publications (table 1). The percentage of infants from a multiple birth could be determined in all but two (7.7%) trials, while the percentage of women with a multiple pregnancy could only be determined in seven (26.9%) trials. Among the 20 trials including multiples and randomising infants, 12 (60.0%) did not specify how infants from the same birth were randomised. No trial reported the intracluster correlation coefficient (ICC) as a measure of the magnitude of clustering present due to multiples.
DISCUSSION
Our systematic review demonstrates that clustering due to multiple births is rarely considered in the design and remains ignored in the analysis of many multicentre randomised trials involving preterm infants. It also highlights that information relevant to multiple births is poorly reported. It was unclear whether infants from a multiple birth were even included in almost half of the trials in our review, making it impossible to assess whether appropriate methods were used to calculate the sample size and analyse the data. When infants from a multiple birth were included, details such as how infants from the same birth were randomised were often not provided. This information is important, since the impact of clustering on the power of the trial depends on the method used to randomise multiples. 30 Overall, our review indicates that the problems identified in the previous systematic review
11 are yet to be resolved and identifies new areas where multiple births are inadequately handled. Clearly, substantial room for improvement remains in the way multiple births are dealt with in trials involving preterm infants.
To avoid conducting an underpowered trial, it is important to account for clustering due to multiple births in the sample size calculations, which typically requires an estimate of the ICC. 5 15 Unfortunately, ICCs relevant to multiple births are lacking in the literature and none of the trials in our review reported ICCs. This may help to explain why clustering was only addressed in the sample size calculations for one trial in our Stratified by multiple birth in the randomisation 2 (7.7) 19, 27 Adjusted for multiple birth as a fixed effect for the primary outcome 2 (7.7) 24, 28 Tested for treatment x multiple birth interaction for the primary outcome 2 (7.7) 26, 27 Performed analysis in subgroup(s) based on multiple birth for the primary outcome review. ICCs should be reported to comply with reporting guidelines 31 and assist with sample size planning for future trials. 15 32 Ignoring clustering in the analysis can lead to substantially biased SEs and potentially result in false conclusions being drawn from the data. 33 In practice, this could mean an effective intervention is missed or an ineffective intervention is recommended. While conclusions about the effectiveness of treatment were unaltered in the few trials in our review that reported analysing the data both with and without adjustment for clustering, we have previously demonstrated that adjustment for clustering due to multiple births can change conclusions. 12 The most popular analysis method used to account for clustering in our review was generalised estimating equations. This method is relatively simple to implement, is available in many statistical software packages and has been shown to perform well for analysing trials including both singletons and multiples, 12 making it a good choice in practice. Another popular analysis approach identified in our review was removing the clustering and analysing only one infant per mother. This method is not recommended, since it reduces the sample size and hence the power of the trial and has the potential to produce different results depending on the infants selected. 2 For a more detailed discussion of methods for analysing trials including infants from a multiple birth, see refs. 2, 3 and 9-14.
While use of methods that account for clustering was limited among the trials in our review, multiple births were sometimes considered in the design and analysis in other ways, which suggests an awareness of the potential for multiples to have an impact on the trial results. At the design stage, some trials used multiple births as a stratification variable in the randomisation, which ensures approximate balance between treatment groups in the multiple birth rate, independent of how infants from the same birth are randomised. This approach may be useful in trials where multiple birth status is strongly related to the outcome, since a chance imbalance could influence the estimated treatment effect and reduce trial credibility. Stratification can also reduce type I error rates and increase power. 34 At the analysis stage, some trials adjusted for multiple births, tested for a treatment by multiple birth interaction or performed subgroup analyses based on multiple birth status. Adjustment controls for chance imbalance in the multiple birth rate between treatment groups and can increase power. 35 Interaction tests and subgroup analyses assess whether the magnitude of the treatment effect differs between singletons and multiples and may help to determine which infants benefit from treatment, but should be interpreted with caution as they are likely to be underpowered. 36 While these approaches may provide useful information about imbalance and effect modification, they do not overcome the problems associated with ignoring clustering in the analysis and should not be considered essential.
Imputation is a useful method for dealing with missing data in randomised trials, although only one trial included in our review applied this method. When clustering is present in the data, this should be taken into account in the imputation model, but current strategies are infeasible in neonatal and perinatal trials due to the small cluster sizes. 37 38 Developing imputation methods suitable for handling clustering due to multiple births is an important area for future research.
A limitation of this systematic review is that information was extracted from the published articles only. Some details that were missing or unclear may have been obtainable from published trial protocols or by contacting the authors. As a result, we may have overestimated or underestimated the prevalence of published trials that ignored clustering due to multiple births. Improved reporting around multiple births is important for future trials so that the appropriateness of the chosen statistical methods can adequately be assessed. This can be achieved through publication of additional information in online supplementary materials; stricter adherence to general reporting guidelines 31 39 and the development of reporting guidelines specifically for trials including infants from multiple births.
In conclusion, clustering due to multiple births continues to be ignored in the design, analysis and reporting of many trials involving preterm infants. Given the potential impact of ignoring clustering, including underpowered trials and incorrect conclusions that could lead to inappropriate recommendations for clinical practice, clustering should be taken into account in the design and analysis of future neonatal and perinatal trials including infants from multiple births.
